Abstract -This paper describes a method to obtain the dielectric constant of materials using the rectangular dielectric waveguide technique in the WR-22 frequency band. By applying the solution of the wave equation, the actual dielectric constant for samples of small transverse dimensions can be directly recovered from the measured effective dielectric constant by a numerical technique. The method is very quick and simple and provides sufficient accuracy for most practical purposes.
I. INTRODUCTION.
The knowledge of the the complex permittivity of materials is an important issue in many microwave and optical applications. For example, many methods have been proposed to determine the refractive index profile of optical waveguides to predict the waveguide characteristics and to control waveguide production process. One of the more established methods is based upon the propagation-mode near-field method utilizing either a vidicon camera/oscilloscope system [I] or a CCD-frame grabbedsignal processing board system [2] . However both systems are difficult and expensive.
In this paper we propose a new experimental approach to overcome the above problem by using a rectangular dielectric waveguide (RDWG) technique [3,4] in conjunction with a TRL calibration technique [5] for use with a Vector Network Analyzer. Although the results are given in the lower millimeter wave frequency band, the technique can be extended easily to the visible wavelength region. In addition, the TRL and various other microwave calibration techniques can be adapted to accomodate both rectangular and optical fiber waveguides for characterization of various optical wave waveguide components. However, we shall limit our discussion to the determination of the dielectric constant of materials of arbitrary square or rectangular crosssections which may have dimensions as small as the transverse dimension of the RDWG itself. Our approach has many practical applications, not only in the area of dielectric characterization of materials but also notably in various optical waveguide problems such as the discontinuity problem in an open dielectric waveguide. Thus the transmission and reflection coefficients are considered to be the effective values due to the various interactions at the RDWG/sample/RDWG interfaces which include both the radiation and guided modes. The weak guidance approximation allows considerable simplification of the characteristic equation that governs wave propagation along the RDWGs and the sample.
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In the zeroth-order approximation the wave equation reduces to the Helmholtz equation:
where n is the actual refractive index, p is the support.
propagation constant and k is the free space wavenumber. The actual dielectric constant may then be Ill. MEASUREMENT METHOD.
The measurement setup [3] is shown in Fig. 2 . The waveguide horn is required not only to launch the E:' mode along the RDWG but also serves as a mechanical
expressed as
is called the effective dielectric constant. The solution to
(1) for the sample including the amplitude loss a at z=d in terms of the field at z=O can be written in the form Fig.2 The measurement setup.
All calibration and measurements were made using an HP8510C Network Analyzer in stepped CW mode. InT + j(2nn +$) = -ad -jpd where n=0,1, ...
Equating the real and imaginary parts, we have
Previous results using the RDWG technique [3] in the WR-28 frequency band were presented only for samples of large cross section. Here, we show that the technique is also applicable for measurements on samples of small cross section; the sample size is limited by the RDWG cross section, giving minimum transverse sample dimensions of 5.69" x 2.85"
Thus the actual dielectric constant can be found iteratively by an inversion technique based on a root finding method from (2), (3), (8) and (9). In the context of weak guidance, it is convenient to consider only the effective index method 161 and Marcatili's method [7] as the solutions to the wave equation.
a RDWG modeiled on a WR-22 type waveguide.
First we compare both the effective index method and Marcatili's method with the measured effective dielectric constant for a 5.69" x 2.85" sample of Teflon of thickness 2.4mm, assuming a frequency independent dielectric constant of 2.04 in the whole frequency band. This is illustrated in Fig. 3 where the measurement data seem to indicate close agreement with the effective index in the low frequency range and a crossover to Marcatili's method at the higher end of the frequency band. However he latter is not conclusive, due not only to the use of the scalar wave assumption but also the appearance of higher order modes. Thus we only use the effective index method to determine the actual dielectric constant from the measured effective values. The results indicate that the RDWG technique is not only suitable for measurement on both small and large samples but also can be used to measure thin samples. Finally, we note that the weak guidance assumption requires that the relative refractive index between the RDWG or sample and its surrounding (which is air in our case) should be as small as possible. This point could explain the deviation of the results at the higher end of the frequency band; however the effect of higher order modes may also contribute to this deviation. We anticipate that both problems may be resolved by proper choice of parameters such as material and dimensions and bandwidth of the RDWG. 
